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PHEXO.MEXOX? 


ARTHUR K. PARPART 

(Fro)n the Department of Physiology, Unnrrsity of PennsyPeania) 

I 

Tlierc are at present two o])])osed views concerning tlie relation be¬ 
tween tlie (lisa])])earance of tlie erythrocyte and the amount of liemo- 
glohin which it liberates during osmotic hemolysis. Some investigators 
flvuzynyak, S., 1911; von Lieherman and von PAnyvessy, 1912; and 
J. Baron, 1928) believe that the disa])])earance is a gradual process 
resulting from a slow escape of hemoglobin, and hence that swollen 
though visible cells may have lost considerable (juantities of this sub¬ 
stance. Baron, for example, has reported that hemolysis induced by 
hypotonic salt solution may lead, as in one experiment which he cites, 
to the disap])earancc of 17 ])er cent of the cells while at the same time 
the amount of hemoglobin recovered in the surrounding solution is as 
high as 42 jier cent. The conclusion is drawn that even visible cells 
must have lost a ])art of their hemoglobin. Baron and others have 
designated hemoh tic ])rocesses of this ty])e as “ partial.” 

Another group of investigators (Dienes, L., 1911; 11. llandovsky, 
1912; S. C.'Brooks, 1918; and C. Saslow, 1928-29) hold that the 
erythrocyte disappears with great rapidity at the time of hemolysis. 
Brooks, who worked chiefly with hemolysis by ultra-violet radiation, 
has summarized this conce])t in the following way; “ When hemoglobin 
fmallv begins to diffuse from a given er\throcyte, the ])rocess is so 
quickly com])leted that it may ordinarily he regarded as instantaneous. ’ 
According to this view the process is of the ty])e customarily termed 
all-or-none.” .A parallel situation is believed by many workers to he 
found in osmotic hemolysis. It is held by such workers that the cell 
subjected t(j osmotic changes which result in swelling, does not begin 
to lose its heiiKiglohin until it has attained a fairly deimite volume, 
termed the “ hemolytic volume,” at which time a ra])id outward diffu¬ 
sion (jf hemoglobin occurs to a ])oint ot e(|uilihrium with the surround¬ 
ing fluid. 

ddie aj)])arent “ hemolytic volume ’ is believed to dilter for dilTerent 
erythrocytes, even in blood from the same individual, hence the well- 
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known range of resistance always encountered in experiments on os¬ 
motic liemolysis. In general, according to the second view that hemoly¬ 
sis is an all-or-none process, it ought to he possible to find a solution of 
such a concentration as to cause, in a given sample of blood, a complete 
loss of hemoglobin from all the cells whose resistance falls below a 
certain value, without any loss from the cells of lugher resistance. Ac¬ 
cording to the first view, however, that partial hemolysis is a jdienome- 
non of common occurrence, such a sharp separation should not be 
possible. 

The difference between these two views is of more than theoretical 
interest. If the first one is correct then little significance can be at¬ 
tached to the term “ percentage hemolysis,” and standards such as those 
used, for example, by Jacobs (1930), while reproducible and therefore 
of practical value, correspond to nothing encountered in actual experi¬ 
ments. If, on the other hand, hemolysis is actually an all-or-none phe¬ 
nomenon, then such standards represent not merely the apparent but 
also the true percentage of hemolysis, with a consequent gain in the 
significance of the results obtained. 

The study of the relation between the disappearance of the cell and 
the liberation of hemoglobin involves measurements of two sorts; first, 
a count of the number of cells in the sample of blood employed, and 
second, a determination of the total hemoglobin content of the cells fol¬ 
lowed by an estimation after hemolysis has occurred of the number of 
cells undestroyed and of the hemoglobin content either of these cells 
or of the supernatant fluid, or preferably of both. An obvious point, 
which has been neglected by previous workers in securing ideal condi¬ 
tions for the outward diffusion of hemoglobin, is the use of a large 
volume of surrounding solution relative to the total volume of the cells, 
so that a true diffusion equilibrium would permit the escape of almost 
all of the hemoglobin that is free to leave the affected cells. 

Under conditions where the outward passage of hemoglobin is not 
limited by an insufficient external volume, a comparison of the number 
of cells destroyed and the amount of hemoglobin liberated might con¬ 
ceivably lead to any one of three following results: (1) The amount 
of hemoglobin in the surrounding solution corresponds exactly to that 
contained in the cells that have disappeared. The ])rocess is therefore 
“all-or-none” in character. (2) The amount of hemoglobin in the 
surrounding solution is greater than that contained in the cells that have 
disappeared. This would suggest a “ partial ” i)rocess, at least in the 
case of some of the cells. (3) The amount of hemoglobin in the sur¬ 
rounding fluid is less than that contained in the cells that have disap- 
peared. Such a condition would indicate a slight retention of hemo- /(‘A 
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by invisible cells. All of these possibilities are illustrated in 
Table T by data selected from the previous literature or obtained in the 
cour>e of this investigation. 

Strictly s})eakini;^. the “ retention ” i\ y)e must always be ])rcscnt to 
>ome extent when hemolysis occurs in finite V(dumcs of solution since a 
diffusion process can do no more than brinj^^ about an c(iuality of distri¬ 
bution of hemoglobin between the cells and their surronndiiys^s. In 
]n*e^'ions work, where the whole blood was introduced into the hemolytic 
solution in the volume ratios of 1 to 1 to 1 to 5 (Baron, J., P^28; G. 
Saslow, 1928-29) this retention must of necessity have been <,n'eat. In 
the present work, however, this effect has been minimized by employ ing 
a ratio of 1 to 2.000, thus ]n*oviding an oj^pcirtunity for an almost com¬ 
plete outward diffusion of the hemoglobin. 


Table I 

Summary of the Possible Types of Osmotic ]Iemolysis 


Type 

t'ells 

Disap¬ 

peared 

IJemoKlohin 

.Vppeared 

Hemolysis in 

Observer 

Maximum 
b>ror of 
Method 

(1) 

per cent 

50 

per cent 

51 

Dilute plasma 

Saslow 

per cent 

7 

“all-or-none ” 

75 

76 

XaUl, glyeerol, 
ethylene gl}Tol 

author 

4 

(2) 

“ partial " 

17 

42 

Dilute plasma 

Baron 

p 

(.^) 

retention 

66 

58 

C'llycerol 
(early stages) 

author 

4 


It should be noted further that a process of lyj)c (3) might be ex¬ 
pected to occur as a temporaiy stage in the attainment of end results of 
ty])e (1). \\'hether or not it would be observed would dejXMid on the 
rajjidity of the process and u])on the conditions governing the visibility 
of the cells. Theoretically also a combination of iypes (2) and (3) 
might c(jnceivably at times simulate type (1). That such a combination 
of effects would occur so exactly and consistently in an extended series 
of ex])eriments as to lead to erroneous conclusions is, however, cx- 
treinel}' unlikely. 

In the present imestigation it has been found that the condition de¬ 
scribed as tyi)e (1) is always ])resent when the hemolytic system has 
attained a linal eciuilibrium. In certain cases, for cxam])le, during the 
course of hemolysis produced by glycerol solutions, a temporary reten- 
ti(jn of some hemoglobin is exhibited during the early stages of the 
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process; l)ut at final c((nilil)ritini the relation is the same as before, 
namely, “ all-or-none.” No evidence whatever has been found under 
the conditions of these experiments of the escape of hemoglol)in from 
visible cells; that is, of “partial hemolysis” of individual erythrocytes. 

II 

To determine accurately the relation between the number of erythro¬ 
cytes that disappear and the amount of hemoglo])in liberated in a given 
hemolytic system it is necessary that a great number of careful cell 
counts be made. In the present work these counts were made with the 
usual counting chamber, the areas customarily used for white cells be¬ 
ing employed, and at least 10 of these areas of 1.0 sep mm. each being 
counted. This procedure involved a count of from 1,500 to 2,000 cells 
for each solution. By counting a large number of unit areas (160) and 
also a large number of cells the accuracy of the cell count was increased 
so that the maximum error was 2 per cent as determined by the method 
of Student (1907). The use of dilute cell suspensions (1 to 2,000) 
eliminated the difficulties encountered by previous workers owing to the 
presence of so-called “ ghost ” cells. This point will be considered in 
detail later, and has been touched upon here solely to stress the fact 
that at no time during the course of these experiments did the difficulty 
which previous investigators (Baron; Saslow) found in distinguishing 
between “ stromata and intact cells arise. 

The method of hemoglobin estimation employed in all of these ex¬ 
periments was a new one particularly well adapted to this purpose. It 
was worked out in conjunction with Dr. W. R. Amberson and Dr. D. R. 
Stewart, and will be described in detail elsewhere (1931). The princi¬ 
ple involved in the method is that of the optical pyrometer, and its most 
valuable features are the high sensitivity and accuracy that can be ob¬ 
tained. The sensitivity proved to be entirely adequate to deal with the 
minute amounts of hemoglobin that the use of very dilute cell suspen¬ 
sions necessitated. Thus, in experiments in which whole blood was 
mixed with distilled water in the proportion of 1 to 2,000 it was found 
that between this concentration and zero concentration of hemoglobin a 
series of at least one hundred readings could be obtained by the pyrome¬ 
ter. This represents a maxinium error in the hemoglobin readings even 
at these unusually low concentrations of 1 per cent. The term “ per¬ 
centage of hemoglobin is everywhere used in this paper to designate 
the amount of hemoglobin in the surrounding fluid of a given hemolytic 
solution relative to that contained in the total number of cells employed. 

It is known that whole blood on standing even for a short period of 
time (2 to 3 hours) and at a low temperature (3° to 5° C.) often under- 
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a (Icqrce of hemolysis which may range l}etwccn 0 and 4 per 

cent. The amonnl of hemoglobin in the i}lasma introduced with the 
wliole l)lood into tile hemolytic solutions, as well as other pigments that 
may be ])resent, must, therefore, be corrected for in the hemoglobin 
determinations. This has been accomjilished by diluting whole blood 
in the proportions of 1 to 2,000 in isotonic saline and then rapidly (10 
minutes) centrifuging the cells out. A jwrometer reading on the 
sujiernatant fluid gives the error due to the hemoghjbin and other jiig- 
ments in the jilasma. This correction for jilasma error has been apjilied 
in all the experiments here recorded. 

The dilution stcjis involved in the hemoglobin determination, the 
]ire])aration of the cell suspensions and the cell counts were found to 
have an error of not more than 1 ])cr cent. Since the cell counts in- 
x'ohed an error of aiiliroximately 2 ])er cent and the hemoglobin deter¬ 
minations of not more than 1 ]ier cent, the total maximum error in com¬ 
parison of the disa])]iearance of cells and of the apjiearance of hemo¬ 
globin in the solution was of the order of magnitude of 4 i)er cent. It 
will he noted that in Tabic II and in Figs. 1 and 2 the agreement is well 
within this figure. 

Tahlu it 

Data Illustrative of the Accuracy of the Method 


A. Prrccnlage of hemoglobin appeared 

3 3 

3 


25 

30 

51 

62 

! 


H. lTrc(‘nlage of hemoglobin in ( ells re¬ 
maining 

90 96 

S'r 

1 

78 

78 

70 

50 

39 

21 1 

4 

A + B 

102 j 99; 

101 

1 


103 

100 

101 j 
1 

101 

OS 1 

1 

99 

1 


Table II also gives another very important check on the accuracy of 
the method in demonstrating that the hemoglobin which was recoverable 
from the visible cells plus the hemoglobin in the supernatant fluid is 
equivalent, within the ex])erimental error, to that contained In the 
original number of cells. 4'herc is no evidence that this very necessary 
test has been made \)y jirevious workers and It is a])]iarently to its omis¬ 
sion that much of the confusion in the literature is attributable. 

.A ])oint of ])articular importance in obtaining the results here re¬ 
corded is strict attention to the influence of the factors discussed by 
Jacobs and f*ar])art (Pkll). of which temperature. ])11 and the attain¬ 
ment of a final e(|uilibriuni are the most ini])ortant. recent worker 
( Saslow, (i., 1928-29) states that “ Most of the exjicrimcnts jierformed 
were failures because of the dilTiculties aboxe enumerated: lack of con¬ 
trol of degree of hemolysis aiul unsat is facloriness of the cell count.” 
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Only in three instanees was he able to secure a snital)lc decree of hemol¬ 
ysis, and this unfortunately fell within the narrow range of from 40 to 
60 per cent. In the present work, l)v a careful control of the factors 
influencing the degree of hemolysis, namely temperature, pi I and the 
attainment of equilibrium, and by the use of dilute cell suspensions, thus 
allowing a practically conqdcte outward diffusion of hemoglobin from 
the affected cells which removes the necessity for determining “ ghosts,” 
it has been found possible to obtain very readily any desired degree of 
hemolysis. This ma}' be observed in Fig. 1, where the entire range 
from zero to 100 per cent has been covered with gaps of no more than 
5 per cent. 

TIT 

Osmotic hemolysis has been used throughout this work. The ex¬ 
periments performed fall into two classes. Those belonging to the first 
class involved the use of a non-penetrating substance, sodium chloride, 
in hypotonic solutions of concentrations so chosen as to bring about a 
disappearance of some but not all of the erythrocytes present in the 
suspension. ITy vaiwing the concentration in small steps it was pos¬ 
sible to cover the entire range from zero to 100 per cent hemolysis. 
After the hemolytic system bad reached its final equilibrium condition 
or after hemolysis had been checked in the manner described below, a 
comparison was made between the number of cells that had disappeared 
and the amount of hemoglobin that had been liberated. In tbe second 
group of experiments hemolysis was allowed to occur in solutions, orig¬ 
inally isosmotic with blood, of the penetrating substance glycerol and, in 
a few cases, ethylene glycol. The hemolysis produced by tbe pene¬ 
trating substances was checked at various points by the addition of 
sodium chloride in the proper amount and comparisons were made as 
before between the liberation of hemoglobin and tbe disappearance of 
cells. Because of their greater simplicity, the experiments involving 
solely the entrance of water into the cells will be described first, and 
those involving the i)enetration of the solute as well will be dealt with 
in the following section. 

As has already been mentioned, the factors of temperature and pll 
must be so regulated that their effect on the degree of hemolysis attained 
is a constant one. The temperature of the hemolytic solutions employed 
in these experiments was maintained at 20° ±0.1° C. by means of a 
water bath. The pH of the hypotonic solutions was controlled by the 
addition of a small amount of phosphate buffer. All solutions were 
prepared from a stock solution consisting of 14 parts of molar NaCl 
and 1 part of molar Naol 11^04, brought to a pll of 7.0 by the addition 
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of a traci of concentrated HCl. Upon dilution of tliis stock solution to 
concentrations between 0.5M and O.OSiM, the pH of the resultin.i^ solu¬ 
tions was 7.40 within the limits of accuracy of the quiiihydrone electrode 
( 0.02). Since the ])J I of the blood used is originally not far from 

this p(mit, the comparatively slight buffering of the solution is sufficient 
for all jiractical ])urposes. 

In the ex])erinients invoh ing the simjilest l\ ])e of osmotic hemolysis 
the jirocedure was as follows: To 50 cc. amounts of various hypotonic 
salt solutions, usually differing from one another by O.OOUI, 25 cu. mm. 
of whole blood, dehbrinated by whi])|)ing, was added from a calibrated 
hemoglobin ]3ij)ettc after the solutions had been brought to a iem])erature 
of 20° C. ^ 0.U, in a water bath. I'ollowing the addition of blood they 
were gently and continuously stirred, at the temperature stated, for a 


Table III 

Data on the Blood of One Animal (O.v) Illustrating the Applicahility of the 
All-or-none Concept at Equilibrium 


Concentration of 

Xa('l 4- .XasllPO, 

A. Cells 
Disappeared 

B. llemoRlobin 
Appeared * 

B-.\ 

M 1 

per cent 

ptr cent 


0.154 

0 

0 

— 

0.115 

3 

3 

0 

0.110 

9 

12 

+3 

0.100 

22 

23 

+ 1 

0.095 

27 

30 

+ 3 

0.090 

64 

62 

_2 

0.085 

79 

77 

— 2 

0.080 

92 

95 

+ 3 


* After correclion for the i)lasnia error. 


period of one hour, which is more than suflkient for the attainment of 
equilibrium (Jacobs and Parjjart, I9vH). A small portion of the solu¬ 
tion was then removed for the cell count, while the rest was centrifuged 
at 2,000 r.p.m. for 15 minutes and the supernatant fluid si])honed off lor 
the hemoglobin estimation. The time allowed for centrifuging was 
shown to be sufficient by two jirocedures, namely, by microscopic exam¬ 
ination of the suiiernatant fluid which revealed the ])resencc of no cells, 
and by measurement with the optical pyrometer which gave the same 
transmission values for the fluid whether it had been centrifuged for 10 
minutes or f(jr (jue hour. 

Table 111 ju'esents the results obtained in a t}'j)ical experiment of 
this s(n‘t with ox blood. The concentrations indicated represent dilu¬ 
tions of the original stock solution containing both XaCl and XaoHP 04 
whose concentrati(jn was somewhat arbitrarily taken as unity. Though 










OSjMOTIC HEA[0LVSIS 


507 


osmotically the concentrations given are not exactly equivalent to sim¬ 
ilar ones of pure NaCl, the (lifferciices arc very small and the solutions 
arc entirely reproducilile. The values given in column A represent the 
difference hetween the total number of cells cmi)loved and the number 
of cells remaining when the hemolytic system was at e([uilibrium, and 
are expressed on a percentage basis. Column 11 gives the percentage of 
hemoglobin in the surrounding solution, which was determined after 
correction for plasma error as ]:)reviously described. 

Inspection of Table III shows that the hemoglcjbin which appears in 
the supernatant solution corresponds, within the limits of experimental 
error, almost exactly with that originally contained in the cells that 
have disappeared. There is no evidence, therefore, at the end of the 
time in question (1 hour) of any appreciable retention of hemoglobin 
nor of partial hemolysis of cells still visible. The process under these 
conditions appears to be strictly “ all-or-none ” in character. 



Percentage of Hemoglobin Appeared 

Fig. 1. The liberation of hemoglobin from ox erythrocytes in hypotonic NaCI 
solutions under equilibrium conditions. 

Wore extensive corroborative data are shown in Fig. 1, where the 
results of 50 experiments in which the blood of 12 animals was used are 
plotted. The solid diagonal line represents the condition that should 
obtain if the hemolytic process, at equilibrium, is all-or-none in char- 
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actor. The oxperiinontal points scatter about this line within the error 
of the method: that is. with a ina.xinnmi deviation of 4 per cent and an 
avera£(e deviation of 1.7 per cent. Since it is inconceivable that in such 
a larq^e number of experiments as exact an ai^n'eement as this could he 
obtained by a fortuitous combination of retention of hemog-lol)in and 
of j)artial heinol\'sis, the conclusion seems incsca])able that an all-or- 
none i)rocess is beiiyc^ dealt with. 

The results and conclusions summarized in Tables II and III and 
in hdg. 1 were obtained with ox blood, while the conflicting data of 
Haron (1928) and Saslow ( P^28-29) were l)ased upon experiments on 
human blood. Since there is a marked difference in the osmotic re¬ 
sistance of human blood and of ox blood it seemed ad\ isable to perform 
a number of similar experiments on the former type of blood. These 



Percentage <4 J leiiioglobin Appeared 

hhc. 2. The liberation of hemoglobin from human erythrocytes in hypotonic 
XaCl under equilibrium conditions. 

ex])eriments are represented in h'ig. 2, in which the diagonal line has 
the same signific.ance as before. It wWl be notefl from this figure tliat 
the evidence of an all-<jr-none relationship is as unmistakable in the 
case of human as in that of ox blood. 

In all of the exjieriments so far described hemolysis has been al¬ 
lowed to go to complete e(|uilibrium. The (juestion arises whether there 
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is a similar ai^rccnicnl l)ctwccii the hemoj^lohin that has escaped and the 
numl)er of cells that Iko'c disa])peared at times before the final equilih- 
rinm of the system has been attained. Stated in a more concrete man¬ 
ner, if in a given hemolytic system the concentration is such that the 
hnal equilibrium will involve the destruction of, for cxam])le, 75 per 
cent of the cells ])resent, will the all-or-none conce])t hold when only 
25 per cent of the cells have undergone hemolysis? 

To answer this ([uestion, the rate of hemolysis of ox blood in hypo¬ 
tonic salt solutions in which at equilibrium there remained some per¬ 
centage of the cells unhemolyzed, was first followed by the method of 
Jacobs (1930), and in this way it was determined at what time after 
setting up a given experiment any desired degree of apparent hemolysis 
had been attained. It was then possiljle to repeat the exjjeriment and 
to stop the hemolysis at the chosen point and to make comparisons as 
before. In a number of exi)eriments of this tyi)e 25 cu. mm. of whole 
blood of the ox was added to 25 cc. amounts of hvjwtonic saline solu¬ 
tions whose hemolysis-time curves had been determined as above. At 
the end of a definite time (15 seconds to 2 minutes) 25 cc. of salt 
solution of a concentration to make the whole isotonic (0.154iM) was 
suddenly mixed with the hemolyzing solution, thus stopj^ing hemolysis. 
As before, the temperature was kept at 20® C. and the ]MI at 7.4. Cell 
counts were then made on a portion of the solution in which hemolysis 
had been stopped, while the remainder was centrifuged and the super¬ 
natant fluid used for the hemoglobin estimations in the usual manner, 
series of these determinations led to the results recorded in Table IV. 

It is evident from this table that the agreement between the per¬ 
centage of the cells that have disa])peared and the hemoglobin that has 
been liberated is as good as it was in the cases where the final equilibrium 
had been reached. The all-or-none concept, therefore, is not limited 
merely to the end-stage of osmotic hemolysis of this type but probably 
applies throughout the entire process. The conclusion would seem to 
be warranted that in studies on the kinetics of osmotic hemolysis the 
cell may be assumed to liberate all of its hemoglobin at the time of its 
disappearance. 

IV 

Osmotic hemolysis in solutions of penetrating substances is a some¬ 
what more complicated process than that so far described since the rate 
of entrance into the cell of the solute as well as that of water is involved. 
Since previous workers have apparently not studied the nature of the 
hemolytic processes induced by these substances, it appeared of interest 
to determine whether they might also be associated with an all-or-none 
type of hemolysis. The substance chiefly studied, namely glycerol. 
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was clioscn not only ])ccansc it is relatively non-toxic, but because its 
rate of penetration into the er\throcyte of the ox is sufficiently slow so 
that the lieinolytic process can be stopped at an\' desired point by the 
addition of salt in proper concentration. A typical experiment may now 
be described. 

Tahli- IV 

Effect of Stopping Hemolysis Before the Attainment of Equilibrium 


Concentrution of 
.\;iCl -f- Xu;in‘(>4 

A. ('ells 
Disappeared 

B. Ueinofilobin 
.•\l)peared 

B-A 

.1/ 1 

per cent 

per cent 


0.000 

71 

72 

+ 1 

0.090 

31 

27 

-4 

0.090 

36 

35 

-1 

0.090 

37 

38 

+ 1 

0.088 

75 

74 

-1 

0.0S8 

35 

32 

-3 

0.088 

45 

43 

_2 

0.088 

49 

52 

■b3 

0.085 

67 

64 

-3 

0.085 

20 

22 

+ 2 

0.085 

33 

29 

-4 

0.085 

40 

40 

0 

0.082 

80 

78 

_2 

0.082 

55 

53 

— 2 

0.082 

57 

58 

+ 1 

0.082 

61 

58 

— 3 


Wdiole delibrinated blcMxi of an ox was introduced into an isosmotic 
soliititjn of lilycerol, in the j)roportion of 25 cii. mm. of blood to 25 cc. 
of 0.3r^[ ,i;l\cerol. d'be solution was gently stirred and kept at a tem¬ 
perature of 20° C. and tbe rate at wliicb hemolysis ]:)r(jceeded determined 
b\- the melbod of Jacobs (P\^0). Until about 55 minutes after setting 
up such a system, no hemolysis was found l(j occur; between 35 and 
55 minutes tbe ])rocess ])roceedt‘d fairly rai)idl}- from 0 to 100 ]>er cent. 
It was then a simple matter in subseejuent experiments to stop tbe 
hemolysis at an\’ desired point between these two time intervals b}' tbe 
addition to 25 cc. of tile suspension undergoing hemolysis of 25 cc. of 
a s(jlution at j)l 1 7.4 containing 0.308M XaC 1 (-i ^^0), and 0.3V 
gi\cerol. After tbe addition of this solution tbe whole was ecjuilibrated 
at 20 C. with stirring for a ptadod of one hour, at which time cell counts 
and estimations of tbe hemoglobin liberated wi*re made in tbe manner 
described in tbe ])re\ ious section. 
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Blood samples from five animals were tested in this manner and the 
results are summarized in h"i^-. 3. In this figure, as in the two previous 
ones, the diagonal line represents the theoretical result that should ob¬ 
tain if the process is all-or-none. It will he observed that in this case 
the experimental points in these determinations scatter on one side of 



Percentage of Hemoglobin Appeared 

Fig. 3. The liberation of hemoglobin from ox erythrocytes during the early 
stages of hemolysis by glycerol. 


this line in the direction of an hemolytic process exhibiting a retention 
of hemoglobin. The deviations, which amount to 5 to 12 per cent, are 
too great to l)e accounted for by experimental errors alone. 

Two possible explanations of these results suggest themselves. The 
first is that the penetration of the glycerol might so alter the refractive 
index of a number of the more swollen cells that they do not appear in 
the count though they still retain all or a part of their hemoglobin. The 
second is that the hemolytic system may not have attained its final 
equilibrium at the time the observations were made. 

As a test of the former possibility the following experiment was 
performed. Whole blood of the ox wms pipetted into a hypotonic saline 
solution that would induce a slight degree of hemolysis, in the propor¬ 
tion of 25 cu. mm. of blood in 50 cc. of salt solution at pH 7.4. These 
solutions were equilibrated for one hour with gentle stirring, at 20® C. 
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At iIk* end nt llie er|uilil)rati()n ])eriod 25 cc. was removed for cell count 
and lieinoi^lobin estimation. To the remainiiiii^ i')ortion was added an 
e(iual \()liime of a solution containini;' the same concentration of salt 
])lus 0.6M i^-lycerol. Thus the salt C(niccntration remained iinchaiye^ed, 
while the solution hecame isosmotic with respect to ^jlycerol. This lat¬ 
ter solution was e(juilihrated for one hour in the same way, at which 
time cell counts and hemoi^loliin determinations were attain performed. 
Due allowance was made for the one-half dilution necessitated hy the 
])rocedure. The results of several such experiments are ])resented in 
d'ahle \'. 


Table \ 


Effect of Glycerol on the Refractive Index of the Erythrocyte 


Before the Afldilion of Glycerol 


After the Addition of Glycerol 


A. Gells 
DisajMH'ared 

li. Hemoglobin 
Appeared 

B .\ 

A. Cells 
Disappeared 

B. 1 lenioyloljin 
Appeared 

B A 

per cent 

per cent 


per cent 

per cent 


vS5 

32 

-3 

40 

38 

— 2 

31 

29 


32 

33 

+ 1 

28 

29 

+ 1 

33 

32 

-1 

50 

51 

+ 1 

52 

51 

-1 


Jlad the t^dvcerol in an}- way affected the refractive index of the 
corpuscles, then the data obtained after the addition of glycerol should 
have departed from the all-or-none relationship by an amount coni- 
paraljle to that observed in Fig. 3. As no such shift was observed, it 
may be concluded that glycerol does not apj)reciabl\- alter the refractive 
index of the crvtbrocytes. The explanation, therefore, of the discrep¬ 
ancy between the heinogbjbin liberated and the cells disappeared in a 
hemol\tic system of the gl}-cerol type would ajipear to lie along the lines 
of the second suggestion, namely the time re(|uired for the attainment 
of e(|uilibrium. 

To test this point, whole bbxjd of the ox was e(iuilibrated for one 
and for four hours, respectively, in h\-])Otonic saline solutions containing 
\’ar}-ing ccaicentrations of glycerol between 0.03M and 0.3M. As be¬ 
fore. 25 cu. mm. of blood was added to 50 cc. of each solution. To 
make the exjierimental conditions comparable, bait of tbe solution was 
rc-moxed for tbe determinations at the end of one hour, the rest being 
ecpiilibratecl in the customary way for an additional period of three 
hours. The concentrations of salt and ol glycerol used are shown in 
Table \d. 

JUxamination (jf this table shows that in the absence of glycerol, as 













OS^rOTIC HE^rOLYSIS 


513 


in y)rcvious experiments, the hein(\i;'lol)in liberated at tlie end of either 
one or four hours agrees within tlie experimental error with that in the 
cells which have disai)])earcd. In the presence of glycerol, however, at 
the end of one hour there is an apparent retention of hemoglobin similar 
to that indicated in Fig. 3, whereas this had completely disappeared by 
the end of four hours. In brief, it would appear that at the final equi¬ 
librium the conditions are the same as before, but that the final equilib¬ 
rium is longer in being attained. 


Table YI 

Production by Glycerol of an All-or-none Type of Hemolysis, at Equilibrium 


Solution 

After 1 Hour 

After 4 Hours 

A. Per- 
centage 
of Cells 
Dis¬ 
appeared 

B. Per¬ 
centage 
of Hemo¬ 
globin 
Appeared 

B-A 

A. Per¬ 
centage 
of Cells 
Dis¬ 
appeared 

B. Per¬ 
centage 
of Hemo¬ 
globin 
Appeared 

B-A 

0.090 AI NaCl + x\a 2 HP 04 

90 

88 

-2 

89 

88 

-1 

90 

90 

0 

88 

89 

+ 1 

Same -f 0.03 M glycerol 

68 

60 

-8 

88 

87 

-1 

Same + 0.10 M glycerol 

66 

58 

-8 

93 

94 

+ 1 

Same -|- 0.30 M glycerol 

34 

28 

-6 

91 

92 

+ 1 


As to the cause of this delay in the escape of hemoglobin, several 
possibilities might be suggested. One of the most plausible is that the 
retention of hemoglobin during the first part of the hemolytic process 
may be due to a blocking of the hypothetical “ pores ” by which it is 
frequently assumed to leave the swollen cells, either because of the rela¬ 
tively large size of the glycerol molecule or because of its adsorption on 
the walls of the pores. In either case, the effect of the glycerol would 
be to decrease the surface area through which hemoglobin may leave 
the cell. The data in Table VI lend confirmation to this view, for not 
only does the presence of a very small amount of glycerol (0.03M) 
markedly slow the rate of disappearance of the cells, but it also causes 
marked temporary retention of hemoglobin. This is true, in spite of 
the fact that the solution of 0.03i\I glycerol and of 0.09 i\I NaCl is 
osmotically equivalent to a 0.105M solution of NaCl, a concentration 
which of itself rapidly produced about 15 per cent hemolysis. It may 
further be determined from this table that the initial distance of the 
hemolytic system from osmotic equilibrium does not influence the 
34 
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amount of retention. As has already been pointed out, the extent of 
this retention is outside the limits of experimental error of the methods 
here employed. It averages about 8 ])er cent as compared with a maxi¬ 
mum experimental error of 4 per cent and, as will be observed in Fig. 3, 
the deviation is consistently in the same direction. 

As contrasted with ghxerol, ethylene glycol, a closely related sub¬ 
stance of lower molecular weight, fails to produce any observable reten¬ 
tion of hemoglobin even during the early stages of the hemolytic process. 
Its behavior is indicated by tbe data given in Table \TI, which were 


Table VII 

Hemolysis by Ethylene Glycol 


Concentration of 

XaCl + Xa2nP04 
in 0.3 M 

Ethylene Glycol 

A. Cells 
Disappeared 

B. Hemoglobin 
Appeared 

B-A 


per cent 

Per cent 


0.085 

15 

19 

+4 

0.085 

19 

20 

+ 1 

0.080 

45 

47 

+ 2 

0.080 

46 

46 

0 

0.078 

60 

58 

-2 

0.078 

60 

62 

+2 

0.075 

75 

76 

+ 1 

0.075 

76 

76 

0 


secured by equilibrating for one hour the usual dilution of ox blood in 
0.3M ethylene glycol made up in the salt solutions of the concentration 
indicated in the table. It will be noted that the ])resence of the ethylene 
glycol affects neither the ra])id attainment of equilibrium nor the all-or- 
nonc character of the hemolysis that the hypotonic solutions alone would 
have exhibited. Except for the lower niolccnlar weight and molecular 
volume there is no obvious reason why this substance should dilYcr so 
markediv from glvcerol. 

The results that have been obtained fail entirely to confirm Baron’s 
(1929) contention that osmotic hemolysis is a partial ” ])roccss. 
Ifcniolysis of this type has constantly been found to be an all-or-none 
plienoinenon both under e([uilil)rium conditions and while in progress, 
except for the temporary retention of hemoglobin that occurs during 
the early stages produced by a penetrating substance like glycerol. 
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Even in tliis ease, however, tlie end-point finally attained by the system 
is the same as in that found under the simpler eonditions where the 
entranee of water alone is involved. 

It was mentioned previously that Baron's results were seeured by 
the use of 1 : 1 to 1 :6 dilutions of whole blood with water. To make 
eell eounts and hemoglobin estimations he added siiffieient hypertonie 
salt solution to make the dilute hemolytic solution isotonic. After ob¬ 
taining cell counts he then centrifuged the solution and made the hemo¬ 
globin estimation on the supernatant fluid. The futility of such a 
procedure might, however, have been recognized from the results of 
Bayliss (192d—25), or of Adair, Barcroft and Bock (1921) and others. 
These workers have clearly demonstrated that when whole blood is 
diluted with water in proportions such as those mentioned above, the 
corpuscles swell and lose hemoglobin only to a degree that corresponds 
with a diffusion equilibrium between the cells and the external solution. 
If at this point salt is added to make the solution isotonic, the cells 
shrink, thus trapping in them sufficient hemoglobin so that they again 
become visible. Bayliss (1924-25) discussed these conditions as fol¬ 
lows : Suppose the ghosts had a volume two and one-half times the 
volume of the original corpuscles and contained the same concentration 
of hemoglobin as the surrounding fluid. Then, if on shrinking to their 
normal size they become more or less impermeable to hemoglobin, they 
might contain finally a hemoglobin concentration some two to three 
times that of the external fluid.'’ 

It would appear, therefore, that Baron, when making his cell counts, 
must have included a number of cells whose visibility had been restored 
after they had previously lost a portion of their hemoglobin. That the 
hemoglobin was not more completely lost was obviously due to the small 
volume of the external solution. Under these experimental conditions 
it is not surprising that no exact correspondence could be obtained be¬ 
tween the number of cells that had disappeared and the amount of hemo¬ 
globin in the surrounding medium. As has been mentioned, Saslow 
(1928-29), in his studies on hypotonic saline hemolysis, using the 
method of Baron, obtained data which contradicted those of the latter 
author. The reason for this discrepancy is perhaps furnished by Sas- 
low’s statement that before making the cell count he pipetted off and 
discarded the “ stromata." The so-called “ stromata " were probably 
cells which had lost their hemoglobin to equilibrium with the surround¬ 
ing fluid and by discarding them he made his cell count on cells which 
had not lost hemoglobin, and naturally the cell count corresponded with 
the hemoglobin in those cells. If he had determined not only the 
amount of hemoglobin in the cells undestroyed but also that in the sur- 
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roiindiiii^ fluid it is likely that the two amounts would have totalled con- 
siderahly less than 100 per cent. However, this crucial test was not 
made. 

An attempt has been made, hy the use of Saslow's dilution of blood 
with distilled water, to determine the hemoglobin content of the super¬ 
natant fluid after “ reversion ” of the cells by means of sufficient XaCl 
to make the solution isotonic followed by centri fugin" at 5,000 r.p.m. 
for one and three hours. A clear supernatant fluid is obtained in this 
way, but further addition of salt to it causes it to become clouded, and 
micro.scopic examination shows this cloudiness to be due to the re¬ 
appearance of cells. It this latter cloudy supernatant fluid is allowed 
to stand for some fifteen to thirty minutes it again becomes relatively 
clear and can be made cloudy again hy making it still more hypertonic 
with salt. A short time later it again becomes clear. Thus, in the 
method of Saslow, and also in that of Baron, the clear ’’ supernatant 
fluid really must contain cells which have approximately the same spe¬ 
cific gravity and, more important, the same hemoglobin content as the 
surrounding fluid. Because of this circumstance hemoglobin determi¬ 
nations on the supernatant licpiid of very concentrated suspensions, 
whether made directly, as by Baron (1928), or indirectly, as by Saslow 
(1928-29), arc unreliable. 

Consideration of these facts leads to the conclusion that only when 
conditions are created such that the volume, of the cells at the time of 
hemolysis is relativel}^ small as ci^nijiared with that of the surrounding 
fluid, can the nature of hemolysis l)c determined. Dilution of whole 
blood in hypotonic salt solution in the proportion of 1:2,000 adojitcd 
in these experiments leads to jiractically infinite dilution of the hemo¬ 
globin content of tbe heniolyzcd cells. Under these conditions ghost 
cells and the phenomenon of “ reversion introduce no complications 
and it becomes possible to demonstrate that osmotic hemolysis is an 
all-or-none phenomenon, and that the term “ ])ercentage hemolysis ’ has 
a real significance. 

Summary 

1. Hemolysis ])roduced by hy])otonic sodium chloride is of an all- 
or-none tvpe, that is, hemoglobin either fails to escape from the erythro¬ 
cyte or does so completely up to the ])oint j)ermitted by the attainment 
of a dilTusion e(|uilibrium in the system. 

2. The same all-or-nonc character is observed when, instead of 
jjermitting the hemolytic process to ])r()ceed to its original ccpiilibrium 
position, it is slopped at an intermediate ])oint by the addition of sodium 
chloride. 
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3. In hemolysis in solutions of penetrating^ sul)stances such as 
glycerol and ethylene glyead, tlie final eqiiilihriuin obtained after check¬ 
ing the process l)y the addition of sodium chloride likewise indicates an 
all-or-nonc rclationshij). 

4. In glycerol solutions the liberation of hemoglobin lags somewhat 
behind the disaj)pearancc of the cells and the final c(iuilihriiim is rather 
slowly attained. 

I am greatly indebted to Dr. ]\I. H. Jacobs for the suggestion of this 
problem and for his helpful criticism. 
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